I trust that the few remiiarks I have to imake this evening will lead to an interesting discussion, which may help us towards the solution of some of the chief difficulties we have to encounter. I shall confine ny reimarks, therefore, chiefly to my own experiences, and leave it to others to give theirs.
For convenience I will adhere as closely as possible to the order in which the various points are printed on the agenda.
First, then, under the heading of Technique, a few wrords as to the preparation of the patienit. I do not think sufficient attention is as a rule paid to this point. I prefer all patients to be prepared much in the same way as for an an.esthetic, so that the intestines are as empty as possible at the timiie of examination. There are two ehief reasons for this. In the first place, when a soft tube is used, foecal milasses certainly cast definite shadows. In the great imajority of cases these shadows do not present any difficulty in the way of diagnosis, but I have seen at least two cases lately in which there were shadows quite definite enough for somne formi-s of calculus in patients not properly prepared. These have entirely disappeared after an aperient and enelmia. Further, should the patient be taking certain drugs, such as bisiuth, very dense shadows mnay be cast. These, although perhaps not in thelmiselves likely to be mistaken for calculus, may form-l a shadow sufficielntly denise to mask one. An interesting case of this solt, with a reproduction of the skiagramI, was published recently by Mr. Thurstan Holland in the d-4 Archives of the ROntgen Rays. Certain compressed drugs also, such as some forms of Blaud's pill, which have been found hard enough to be hammered into a deal board after having passed through the entire intestinal tract, might give shadows difficult to explain.
Again, after evacuation of the intestines, the colon, as a rule, is found to be filled with gas. This acts much in the same way, though to a less extent, as the artificial introduction of air, whereby a clearer differentiation of the abdominal contents is obtained. Under such conditions it is often possible to obtain an outline of the normal kidney, such as could hardly be expected were the stomach and intestines loaded. Naturally the more differentiation of soft parts we can obtain, provided always we can interpret their shadows, the more data we have to go on when trying to decide the position of any given shadow.
Position of Patient.-I prefer when possible to work from below, and the following is the method I usually employ. The patient, having been suitably prepared and clothed (I need hardly mention the importance of the absence of buttons, &c., in the clothing), is placed face downwards on a canvas-topped couch. Immnediately below the ribs and under the abdomen is placed a sausage-shaped air pillow, especially made for this purpose, and I believe first introduced by Mr. Reid. The chief advantages of this pillow are as follows: (1) It acts as an efficient compressor, whereby the movements of the diaphragin are much restricted, so much so that a calculus remains practically stationary during ordinary respiration. This can easily be verified by anyone watching the shadow of a renal calculus on the screen. When the pillow is not in position it can be seen moving up and down, with a range in some cases of quite 11 inches on deep respiration, whereas with the pillow properly adjusted the movements can hardly be detected. The negatives obtained in this manner also demonstrate this point. If we consider the distance of the calculus from the plate, which in itself is the cause of some indistinctness of the shadow, it is evident, from the slight amount of blurring even after a longish exposure, that the kidney may be considered practically stationary.
Another important point, to my mind, is that the arch of the spine is obliterated by this method to a much greater extent than in any other method I know of, and consequently the plate can be approximated much closer to the region under examiination.
Lastly, the presence of the bag does not in any way interfere with the passage of the rays. In fact, I have often noticed that more detail can be made out on the screen when the bag is in situt than when it is not employed. In addition to the compression obtained by the weight of the patient, I myself always supplement this when it can be borne in the following imanner: I have had imade a wooden frame, over which parchment is stretched, and of such a size as to just take a 12 inch by 10 inch plate. This is attached to a frame which slides in grooves on each side of the couch. The framiie is lowered on to the back of the patient, and when as mnuch pressure as can be borne is obtained, it is claimiped in position by a turn of two thumiibscrews. It is a recognised fact that the X-rays, after passing through the body, produce secondary rays in the air. These tend to produce a fogging effect on the plate, and I amn convinced that it is an imnportant point to have the plate pressed as close to the body as possible. Of course the pressure can be obtained in other ways, as by placing sandbags or other weight on the top of the plates, but the method I ha-ve described is, I think, mnore certain and convenient. Moreover, in stereoscopic work the plates are quickly and easily changed, without any disturbance of the patient. By adopting this method I find that the movements due to respiration are in the majority of cases so slight that it is not necessary to give mlultiple exposures while the breath is held at the same phase of respiration. There are, however, somle cases where it is still an advantage to do this; there are mnany pros and cons with regard to this question which I hardly have time to go into at present.
The focus-tube should be enclosed in an opaque box, which can be miioved freely in any direction under the couch. The opening in the top of the box, through which the rays elmerge, should be provided with a diaphragmn the aperture of which can be easily altered. There should also be a means of centring the tube so that the normal ray may pass through the centre of the opening in the diaphragm.
Not the least advantage in working fromii below is the fact that one is enabled to obtain a view of the region to be exaimined on the screen before placing the plate in position. I attach a good deal of importance to this, for after considerable practice one is enabled to judge to a great extent from the appearance seen on the screen whether or not the tube is working to the best advantage for each individual case, and moreover valuable information as to the probable time of exposure required inay also be obtained by this ineans.
Working front Above.-I have tried mlany form-ns of compressor for working with the tube above the patient. Most of these are clumllsv and difficult to manage, and I now have discarded theimi for the Imethod just described, which offers certain advantages not obtainable when working from above. In my hands, at all events, the method from below has given better results. In cases, however, where the patient cannot be examined from below, then some form of compressor must be used. In this case it is essential that the apparatus be rigid, and provided with a diaphragm to cut off secondary rays. The method of taking a large number of small plates, as adopted by Mr. Thurstan Holland, is hardly practicable in a large and busy hospital department, and I question whether any great advantage is obtained.
The X-ray Tube.
-To obtain negatives of the required quality, as soft a tube as possible should be used, for it is only a tube with low vacuum that will give a good differentiation of the soft parts. A hard tube does not have the same effect on a photographic plate as a soft one, and a good black-and-white negative cannot be obtained, the result, even after prolonged exposure and careful development, being a dirty grey. I may here, perhaps, quote from a paper I read at the Exeter meeting, and give the opinions of others who joined in the discussion at that time. At the Rontgen Society a short time ago the question was raised as to whether a plate could be over-exposed when acted upon by the Rbntgen rays. No definite conclusion was arrived at. I think I am right in saying that with a low tube and heavy current over-exposure is certainly possible. In the course of the discussion Dr. Howlett said: " I have come to the conclusion that it is not possible. The exposure can be prolonged indefinitely, and development will still give a good result. My opinion is that exposure cannot be too prolonged under ordinary conditions." No other speaker gave a further opinion on this point. I, however, am convinced that over-exposure is possible. The negative which I now show you is one of the renal region of a stout patient who was sent to me a short time back. The spark gap of the tube was about 3 inches, or slightly under; the current, 41 to 5 milliamperes through a Bauer air-cooled tube. The exposure was two minutes. The next negative is from the same case, with the same tube, and an exposure of fifty seconds. The development of the first negative was four minutes, and of the second ten minutes, with the sanme strength of solution.. If this negative is not over-exposed, what has happened to it ? Negative 3 is a specimen of an intermediate stage, but in a different subject. I do not believe that a negativ,e of such a character could be obtained with a high tube. My contention that low tubes gave results superior to those obtained by high ones was supported by Dr. Morton, Mr. Lyster, and Dr. Arthur. density is really wanted in negatives from the surgeon's point of view." With this I agree, but it is not necessary to obtain great density with a low tube. I maintain that you can get more density, with a correspondingly greater differentiation of soft parts, than is possible with a high tube. Moreover, with a high tube it is quite possible that a small calculus of low atomic weight, such as pure uric acid, would be entirely overlooked, owing to the greater penetrative power of such a tube. (2) "I have some radiographs taken with high tubes, and the negatives are of the washy character familiar to all X-ray workers, yet I find it possible to correct them in the printing process." I fear that negatives obtained with low tubes, too, are often thin and washy, especially in stout subjects; but even when thin they show, I think, more differentiation of soft parts. This skiagram is very thin. The subject is a man, 14 st. 3 lb. in weight, but as you see it shows a marked differentiation of soft parts; the edge of the psoas, outlines of the colon and other shadows of soft parts not easy to interpret are distinctly visible, and there is not that uniform grey appearance seen in a negative obtained with a high tube.
(3) " In my opinion low tubes, in order to give these high densities, are not needed; we can do quite well with the tubes we have got." Now, to my mind, the X-ray tube is at present a most imperfect piece of apparatus, and I would rather say, considering the tubes we have got, we do not do so badly. Some may be satisfied with their results, but I venture to think that there are many, including myself, who are not so satisfied, and will work away until still better results can be obtained. Judging from the vast improvements in the results of the last few years, I am inclined to think that the day when perfection will be the rule rather than the exception is not so far off. I believe personally that it is to improvements in the X-ray tube that we now have to look before we can hope for much better results, and the improvement will be in the direction of a better control over the vacuum and the possibility of keeping the required vacuum constant during the exposure necessary to obtain the best results. I know of no tube at present with a spark gap, say, of 21 inches that will stand even a current of 4 milliamperes for a minute or two without getting too low to be of value. There are coils to be had giving an output capable of smashing any tube on the market. What we now want is a tube that will stand the increased output now obtainable.
I have no doubt that during a single exposure the quality of rays emitted by any given tube varies, and the tendency of a tube, if it does not get too hot, is to rise: that is, give off more penetrative rays. I believe, too, that a low tube becomiies higher when extra current is forced through it. Now, although a negative giving mnarked differentiation of soft parts is probably the result of a comuposite irradiation, I do not think it need necessarily be so, and I do not think that this is necessarily the reason why a somnewhat prolonged exposure gives better results than verv short ones. The results obtained in the thicker parts of the body by giving a second or two exposure with a very heavy current, at least such as I have seen, are certainly not superior, and I do not think equal, to those obtained by m-oderate currents and about fiftv to sixty seconds exposure. Nevertheless I believe that if we could get tubes with a spark gap, say, of 2 to 21 inches, that would stand these heavy currents for a sufficient length of tinile, we should be on the road to being able to get certain results even in the heaviest individuals. I have obtained results good enough to give a negative diagnosis in persons up to and somewhat over 14 st. in weight but in a friend of miiine who weighs over 19 st. and who was kind enough to lend imie his abdoimen to experliment with, although I was able to get a faint imiiage of the spine I quite failed to get any attemnpt at differentiation of the soft parts. No tube I possessed would stand sufficient current for a sufficient length of tiime. At present, theni, I believe that for this class of work there is no advantage in using very heavy currents for the reasons stated. I was talking the other day to a doctor fromn Amlerica, who had been using currents of 60 to 70 armiperes in the primary of a coil which gave an enormous output (not measured, however), and he told miie that except for getting a flash exposure of the chest he had given up using such heavy currents, as the results in the thicker part of the body were inferior to those obtained by moderate exposure and current. I understand that the samiie conclusion has been arrived at by Germnan workers. The excellent results obtained by Dr. Charles Lester Leonard, of Philadelphia, in the X-ray diagnosis of renal and ureteral calculi are well known to mLlost of y-ou, and as a further support of imy contention that low tubes are necessary I may quote fromii a paper published by himii in the Lancet (June 17, 1905) , in which he says I insist upon the following features of my technique as p)roducing accuracy, and I believe that a disregard of them by other operators accounts in a measure for their lower percentage of calculi found in the total of cases examined. . . The first essential of technique is the employment of a constant quality of Rontgen ray, the penetrating power of which is so low that it will nlot penetrate the least dense calculi. The negative diagnosis was established upon the axiom that where shadows of tissues less dense than the least dense calculus Electi o-Therapeutical Section are shown no calculks slhould escape detection. The recognition of a negative as possessing these qualities and its proper translation are essentials of technique. The quality of X-ray employed has been given off by a tube the relative resistance of which, as measured by a parallel spark in air, was from 1I to 2 inches. The tube must be capable of maintaining itself during the entire exposure at the same vacuum. Many tubes, and tubes of higher vacuum, often vary in penetrating power, so that the. light at one time during the exposure penetrates the smaller calculi.
The Screen Examinhation.-The screen examination is useful, as I have already stated, for gauging whether or not the tube is working to the best advantage in each individual case; it may be useful in confirming shadows seen on the photographic plate in some cases, since a very large number of calculi can be made out on screen examination, provided the luminous sensibility of the observer is at its maximum. This can only be obtained by remaining in the dark or semi-darkness for some time before the screen examination is made, and it is a point to which not sufficient attention is paid by many who wholly condemn -such an examination, which undoubtedly has a sphere of usefulness. It must not be forgotten, too, that the eyes of different individuals vary in their abilitv to appreciate the fluorescence of the screen, and there are some who never can, even after a long time in complete darkness, observe details which are very evident to others. Constant practice, also, enables the eye to see miiore than that of those who do not so practise.
For giving a niegative diagnosis, however, I consider the screen examination absolutely valueless, for there are some shadows which appear quite distinctlv on the negative which cannot be seen on the screen even when their exact position is known. I have tested this in all cases I have examined in the last six or seven months, and have found two in which distinct shadows were found on the plate of small calculi (since confirmed by operation), which by no stretch of the imagination could I see on the screen, even with a small diaphragm contracted round the area where the shadow was known to exist.
Under this heading I may mention a further use to which the screen has now been put. I refer to the examination of the kidney at the time of the operation. This has now been rendered quite practicable with the aid of the sterilisable cryptoscope designed by Mr. Reid, which it will be unnecessary to describe in detail; suffice it to say that the whole apparatus can be completely sterilised. The chief difficulties I have found in using it at present are the following,
(1) When working in a light theatre it takes some time before the eyes can accommodate themselves to seeing objects on the screen, and 21 22 Orton: X-ray Diagnosis of Renal and Ureteral Calculi surgeons, as a rule, are not-patient enough to keep their eyes glued to the machine for a sufficient length of time; further, the eyes of the majority are not trained to screen work, and consequently they take more time, even under favourable conditions, to see what is at once apparent to an expert. This difficulty might be got over in the following way: (i.) If the radiographer present were to wear smoked glasses and were allowed to examine the kidney after delivery from the wound, his eyes would be in better condition to see the fluorescence of the screen, and his experience would enable him to decide quicker; (ii.) or the theatre might be provided with dark blinds, which could be drawn at the proper time; (iii.) or the operation might be performed in the evening, when one's luminous sensibility is always at its best.
(2) The eye-pieces of the present instrument do not entirely cut off the light, and the ease with which an eye-bath fits the eye has suggested to me that if the eye-pieces were made in this shape they would cut off the light more efficiently.
Lastly, there is a difficulty in some cases of getting the kidney sufficiently far out of the wound, but I have no doubt this is much facilitated by the weapon which Mr. Reid has now designed to help this procedure, and of which at present I have had no experience.
There can be little doubt that when this instrument is more generally known it will be much used, and gradually improvements will suggest themselves. For it cannot be denied that it is a great advance over the cutting and needling all over of the kidney, with a great possibility, even after this has been carefully done by a skilled surgeon, of a small calculus being overlooked.
And now as to the value of the X-ray diagnosis of calculi. It is my belief that every renal calculus, at any rate of sufficient size to warrant surgical interference, no matter what its composition, is capable of being demonstrated by the Rontgen rays, provided a certain quality of negative can be obtained. The same holds good with regard to ureteric stones, with, perhaps, the one rare exception of small uric acid calculi being in such a position in the pelvis that their shadow is obscured by that of the bones. I mean in such a position between the bracket in this negative, which is one of a normal pelvis.
We now come to a very important point, namely, the interpretation of the various shadows seen on the negative, and first of all I want to show you a slide of one case which is typical of many similar I have seen. The shadows are apparently normal, but are ever so much more prominent in some cases than others. I will simply show it and ask those present to give their opinion, in the discussion to follow, as to what they are due. Are they the shadows of the normal kidney ?
The number of cases in which a negative of the required character cannot be obtained is, I am glad to say, in the hands of skilled operators becoming gradually less, but there are still some few cases which, owing to the thickness and density of the individual, render the production of such a negative impossible; in such cases a negative diagnosis cannot be given. I mention density as well as thickness, as soiiie individuals appear much more opaque to the rays than others of a similar weight and size. Here again it is only the expert who is able to judge the required character of negative, but it should show a marked differentiation of soft parts; the edge of the psoas and transverse processes. of the vertebrae should certainly be visible, and if the outline of the kidney, divisions of the colon, &c., can be made out, so nuch the better, but I certainly would never give a negative diagnosis on a plate which did not show some differentiation of soft parts. There are some who maintain that it is not necessary for the tranverse processes of the vertebrae to be seen, but I am sure that this is quite wrong, for how can we expect to find a small uric acid calculus, which is less dense than bone, if bony points themselves cannot be distinguished ? I now show you several negatives which I consider are of such a quality that a negative diagnosis with regard to the regions they represent can be given with sbme degree of certainty, and this one shows conclusively the possibility of showing the outline of the normal kidney.
In the two cases published by Mr. Clement Lucas (British Medical Journal, October, 1904) , under the heading, " Two cases of Renal Calculus, in which the X-rays failed to indicate the presence of a stone," I feel sure that, either through faulty technique or density of the individual, satisfactory negatives could not have' been obtained, in which case this ought to have been explained, and no opinion given. One of the cases, however, gives a point for discussion. The patient was a thin man, the stone was a large branching phosphatic stone immersed in pus, and it is suggested that the pus masked the shadow of the stone. This is contrary to my experience, and I should much like to hear the opinion of others.
The negative I now show you is from a case which was operated upon only this afternoon. The calculus which I have here, as you see, corresponds exactly in size to the shadow; it is composed of phosphates and carbonates, and was in the pelvis of a kidney which contained 3 or 4 oz. of very thick pus (P1. I., fig. 1 ). You see also a minute d-5i
shadow to the outer side of the larger one; this proved to be a imiinute calculus no larger than a millet seed, which shows quite clearly in spite of the presence of the pus. I may here again quote from Dr. Leonard's paper: " The accuracy which has been demonstrated for this method by clinical experience has led me to hold that the negative diagnosis, when proper technique and skill have been employed and a satisfactory plate has been obtained, is of such accuracy that surgical interference with the purpose of detecting calculi is unnecessary and not justified." In his series of 330 cases the total amount of error in both the positive and negative diagnosis was less than 3 per cent. "This is a percentage of error that compares very favourably with any other method or all other methods of diagnosis, including exploratory nephrotomy." I am spending a little time over the subject of the negative diagnosis because I am convinced that too much importance cannot be attached to it, and it is important from the physician's as well as from the surgeon's point of view. There are a great number of cases of oxaluria and phosphaturia which present symptoms so strongly resembling calculus conditions that medical treatment would be scarcely justified unless a decided negative diagnosis could be given. To be able to give such a diagnosis not only inay save the patient from an unnecessary exploratory operation, but justifies the continuance of treatment by medical measures. The fact, too, that renal calculi imay produce albuimminuria without other symptoms, and that such cases have been inistaken for chronic interstitial nephritis and other forms of kidney disease, must not be lost sight of. So much for the negative diagnosis. We will now go on to consider the positive diagnosis, or the interpretation of negatives which show definite shadows.
I have m--entioned that all calculi met with in the urinary tract throw shadows when exposed to the Rontgen rays; the intensity of the shadow, as you know, varies with the size and composition of the stone, uric acid being the least opaque, but casting quite a pronounced shadow if a low tube be employed (P1. I., fig. 2 ). The three most iinportant groups of substances found in calculi are uric acid and its salts, calcium oxalate, calcic and ammonio-magnesic phosphates, while other substances such as calciuml-carbonate and cystine,1 which latter casts a shadow much denser than uric acid, are occasionally met with, and of course each stone imay be a combination of two or more of these substances.
I do not think, therefore, that with the exception, perhaps, that a Henry AMorris, Lancet, 1906, ii., p. 141. Mo "S ai 42 cB 0 very faint shadow is suggestive of uric acid, any opinion as to the composition of a calculus can be gleaned from the density of the shadow.
A caseous kidney may cast a shadow quite as dense as that of a calculus (P1. II.). In the negative I now show you, the shadow which you see is due to caseous material containing lime salts, aind I certainly thought this was due to calculus until the operation proved me to be wrong. The negative also again shows the value of a low tube, for although the patient camne to me bearing a note to the effect that it was feared she was too stout for an X-ray examnination to be of value, you will see that what proved to be a cyst at the lower end of the kidney casts a distinct khadow, and also that not only the psoas but distinct fasciculi in this muscle are easily made out.
From the shape of the shadow, however, some help may be obtained. Small calculi in the kidney are often irregular in shape, and present no distinctive features, though they tend to assume gradually the special forms obtaining among the larger varieties. Thus a large stone in the pelvis of the kidney often possesses irregular projections corresponding to the openings of the calices. Such forms often give distinctive shadows, which are quite diagnostic. Small stones in the ureter have as a rule sharp borders and a more or less oval shape. A large and irregular shadow in the true pelvis, even though it lies apparently in the track of the ureter, is probably due to other causes than ureteral calculus. Stones in the bladder are generally round or oval; there are exceptions to all these rules, however, so that we cannot place too much reliance on the shape of the shadow.
Next as to the position of shadows. Shadows of renal calculi may be found as high up as, and be overlapped by, the last rib, as in the case I now show you. On the other hand, they may be as low as is shown by the next slide-that is, below the iliac crest. Both these cases have been confirmed by operation. It was thought that the shadow in this last case, although rather far out, might possibly be due to stone in the ureter, and the sterilisable cryptoscope was in readiness at the time of the operation. On exposing the kidney, however, which was in a somewhat lower position than normal, the stone could be distinctly felt in the lower part, and was easily removed. It was of a flat circular shape as shown by the shadow. Shadows may appear in any position between these two extremes, as in the next two slides (P1. I., figs. 2 and 3). Now, although shadows of calculi in the ureter may be in any part of the ureter, it is a matter of experience that they are generally found low down in the pelvis. Should they be higher up-and Mr. Hurry Fenwick has published a case in which a small oxalate stone was found 3 inches below the right lidney-the shadow is always closer to the spine than that of a renal calculus. The three great features of ureteric stone are, as stated by Mr. Hurry Fenwick, " that they are in the line of the ureter, their outlines are sharp, and that their shapes are more or less oval." Now the line of the ureter is quite close to the spine. It crosses the transverse processes of the lumbar vertebrae to enter the pelvis as a rule rather to the inner side of the sacro-iliac synchondrosis. You will see that the shadow in the skiagram I have just shown of a calculus below the level of the iliac crest is well to the outer side of the synchondrosis, and therefore the probability would be that, unless the ureter was in an abnormal position, such a shadow must be outside the ureter. This, as I have already said, was proved by operation to be the case.
Let us now consider the fallacies due to other conditions which produce shadows simulating those of calculi, and how they may as far as possible be avoided. And first a few general points which apply to all cases.
(1) The shadow or shadows should be present on at least two plates, obtained from two separate exposures. Never give an opinion on a shadow which appears on one plate only. Defects in the plate or errors in development may produce appearances which are very deceptive. This was very forcibly brought home to me a short time ago. A plate was shown to me with some glee by a friend who was somewhat sceptical as to the value of the X-ray diagnosis of calculi. I was told that the plate showed a marked shadow of a stone, that an operation was performed, that no stone was found, or any other condition which could account for the shadow. On looking at the plate it was evident that this was no stone at all. It was a very thin, poor negative, with no differentiation of soft parts, but the shadow of the supposed stone was most marked, and as dense almost as if a piece of lead had been put on the plate. I should think it was possibly due to a drop of fluid having got on the plate before development. No confirmatory plate was taken, and, as I have said, the patient was subjected to operation. It is such defective technique and inexperienced interpretation of shadows which tends to bring the method into disrepute.
(2) The impossibility by ordinary clinical methods of making a differential diagnosis between stone in the kidney and stone in the ureter in many cases makes it absolutely necessary that the whole urinary tract on both sides should be examined in every case, before a patient can be pronounced to be free from stone.
(3) All the facts of the case should be taken into consideration. This method cannot be expected to produce the best results when used alone; but, used in conjunction with other recognised methods of diagnosis, it adds an accuracy and precision obtained by no other means.
We will now take one by one, and discuss briefly, various conditions which may lead to error.
The most confusing, perhaps, are the shadows cast by calcified mesenteric glands. These may appear in any part of the urinary tract, and may take various forms and shapes. Some of these, from their distribution and irregular shape, make us at once suspicious of their character. There are others, however, which it may be almost impossible to distinguish from stones in the lower ureter. In such cases, the passage of a shadowgraph ureteric bougie, as suggested by Mr. Hurry Fenwick, is, I think, undoubtedly the best procedure. The bougie is passed into the ureter, and a skiagram is then taken. The bougie casts a dense shadow, and the relation of the suspicious shadow to the bougie can thus be determined. I have here some illustrations published by Mr. Fenwick in the British Medical Journal which show the value of this method. It is not always infallible, however. I know of one case in which a calcareous gland surrounded, and by pressure completely blocked, the ureter. The bougie would have passed up to this, and of course it would have been in the line of the ureter. Again Mr. Thurstan Holland has lately published a case (Archives of the RBntgen Rays, August, 1907) , in which a calcareous gland was found adherent to the ureter, and in the ureter at the same spot was found a tiny calculus. Nevertheless there can be little doubt that in certain cases this procedure may be of great assistance.
Phleboliths, especially in the pelvic veins, are not infrequently met with. Two cases were published in the Lancet (June 15, 1907) , by Dr. Harris, of Sydney, in one of which an operation for ureteral calculus was performed. The shadows, however, were found to be due to " shotty " bodies outside the ureter. The shadowgraph bougie would have probably settled the question in this case. Again, the very small size of the shadows would have warranted -a course of expectant treatment, during which time a careful watch on the signs and symptoms would probably have given valuable information. Before the introduction of the Rontgen method expectant treatment in many cases was not warranted, owing to the impossibility of deciding whether the symptoms were due to renal, ureteral or extra-ureteral conditions. If a careful X-ray examination of such cases be made, 27 28 Orton: X-rcay Diagnzosis of Renal wad Ureteral Calculi however, and negatives of the requicred chiaracter show onlY a small shadow, probably due to a small calculus low down in the ureter, expectant treatmient is certainly inl many cases warranted, for experience has shown that in quite a fair percentage of such cases the calculus is eventually passed-twenty-six out of forty in Dr. Leonard's series. Such treatimient m-lust, of course, be carried out under strict supervision. The negative-I now show -ou is one in which I believe the shadows mnay possibly be due to phleboliths, though again they may be due to calcification in a gland. As you will see, they lie very near the track of the right ureter. On the other hand, there are two side by side. These do not look like stones in the ureter, and there are no symiiptoms pointing to renal or ureteral trouble. This patient is perfectly well, with the exception that she has persistent oedemi-a of both feet and legs. She was X-raved with a view to determiiine whether anything could be found wlich might be exerting pressure on the common iliac veins, as she was rather too stout for satisfactory examination by other mi-eans. These two shadows I have confirlmled on three different plates, and the position just opposite the intervertebral substance between the fourth and fifth luimbar vertebr D, although perhaps rather far out, is suggestive, especially when taken in conjunction With the symiptonis of some organised thickening obstructing the flow at the junction of the comilmon iliac veins. Possibly they mlay be due to calcification of glands exerting pressure on these veins. The shadows can only be obtained by using a very low tube, and it is difficult to maintain such a vacuum without its falling too low during the exposure. On a negative obtained witli a hig,h tube no trace of these shadows could be seen.
So great has been the improvem-lent in technique during the last few years that even snmall calcareous patchles in an atheromiiatous vessel are now capable of demonstration. These miiay in some cases cause confusion, so that really the chief difficulty now is not in finding, a shadow, but in interpreting those we are able to obtain. The next case I show you will delm-onstrate how plainly thin calcareous flakes can be shown even when embedded in a dense structure. This patient, by no imieans smnall or thin, was sent for an X-ray exalimiation of the renal region, and the shadows you now see were obtained and colnfirmed. I gave it as my opinion that they were calcareous flakes in a hydroor pyonephrotic kidney. An operation was performied and the kidney remiloved. By the kind permission of Mr. Berry, who perforllmed the operation, I now show you the kidney itself, which has been preserved *Ca *<9 . . in formnalin. You will see how very dense it is and how very thin are the small calcareous flakes.
The slide which I now show y-ou is a somewhat interesting and unusual one (P1. III.). The patient had several apparently quite definite attacks of appendicitis. The surgeon, before undertaking the operation, wished to exclude renal and ureteral calculi, for, as vou are aware, the differential diagnosis between these two 'conditions is often very difficult, and a healthy appendix has on several occasions been reimoved when the real cause of the trouble was ureteral stone. This, then; is what I found in the pelvic region of this patient. You will see there are three distinct shadows, two on the right side and one on the left. The two on the right side are of such similar density that I believed them to be due to one and the same cause, and I ventured to suggest that they were concretions in the appendix. The one on the left side is not so dense, and is in a position in which I have seen similar shadows on several occasions, and several have been published which might almost be duplicates of this, so similar are they in shape and position. I do not know to what they are due, and I know of no published account in whichl the mnystery has been solved. This print shows another similar shadow in another part of the pelvis, discovered quite by accident, in a p)atient examined after a fall fromi a bicycle. But to return to the two slhadows on the right, the patient was operated upon and the appendix remnoved. It was found to contain nine smnall shots about No. 5 or 6, but was otherwise healthy. I have no doubt now that the lower shadow is composed of a group of five or six shots, and the upper shadow of three or possibly four, for on close examination certain circular shapes, due to individual shot, can be made out. The position of the lower shadow is very s-Luggestive of stone in the ureter, and the two together are interesting as pointing to the regions in which shadows of concretions in the appentdix inay be expected to be found, and the necessity, therefore, of bearing this possibility in muind when endeavouring to interpret slhadows in this region.
Lastly, certain conditions, such as ivarts on1 the skin, are capable of casting confusing shadows. Dr. Lewis Jones has an interesting negative showing a shadow due to such a condition. No doubt by the stereoscopic method these might be shown to be outside the body, but as a routine I do not think that the stereoscopic miiethod affords mluch hell) in the abdominal region. Since, however, it is necessary to take at least two negatives, this muethod iight just as well be em-iployed ; it gives some idea as to the depth of the shadows from the ,LA9.9 surface, but gives nothing like as much information in these cases as in joint conditions, where I have found it quite invaluable. It has its sphere of usefulness, however, and not the least is the fact that two somewhat thin negatives, when superimposed by the stereoscope, reinforce one another, so to speak, and often enable one to see more detail than when either is viewed separately.
I have no time now to more than mention the fact that, in localising small shadows in the pelvis, the introduction of air into the bladder may be at times of great assistance, as by this means the outlines of this organ can be distinctly made out. This slide is of a large vesical calculus, and you will notice that the outline of the bladder in this case is distinctly visible without this procedure, probably due to hypertrophy of its walls. The artificial introduction of air into the intestines, as advocated by Professor Goldmann before the Surgical Section of this Society a few weeks back, may prove of valuable assistance in some doubtful cases, especially in thick individuals where the abdomen is very dense, but at the present I have had no experience of this method.
My thanks are due to Sir Dyce Duckworth, Dr. C. C. Gibbes, Dr. Mary Scharlieb, Mr. Donald Armour, Mr. James Berry, Mr. Lockwood, Mr. Roughton, and others, for material furnished by cases under their care.
DISCUSSION.
Mr. A. D. REID said: I congratulate Dr. Orton on his paper. He has covered the ground very carefully, and detailed his own and other methods of procedure. I quite agree with him with regard to the greater value of the low tube. There is not the slightest doubt that a high tube is a source of error, particularly in diagnosing the more transparent calculi. The difficulty, of course, is to maintain the tube at its proper vacuum, for it runs down so quickly, and frequent changing is very annoying. With regard to exposures, I have tried in turn the mercurial and the electrolytic break, and have found that with the latter, while the exposures were shorter, the results were not anything like so good. I have now gone back again to the mercury interrupter, and am inclined to come down from the quick exposures. I have made several experiments with what may be called the American methods, but do not obtain such good results as with the mercury break and the longer exposure. By the former methods I have occasionally been able to obtain an outline of the bone in from one to two seconds, but generally speaking the negatives are inferior to those obtained by other means. I found the breakage of the water-cooled tubes to be too expensive, particularly when the results were so indifferent.
With regard to the "cryptoscope," I have already shown at one of our meetings the weapon or special retractor that Dr. Orton has referred to. It is simply an aluminium plate with a hole in the centre, and when the kidney is drawn out from the body, it is passed through this hole, and the tissues around the kidney are depressed. By this means it is possible to see the pelvis of the kidney and the upper part of the ureter. I have only used it in three cases, and in each case the stone has been extracted with an incision not exceeding an inch in length. The stones were all single ones. The shadows in the neighbourhood of the lower end of the ureter are a great difficulty and bugbear. I thought that I had got to the end of them when a new shadow appeared which completely baffled us all. It turned out eventually to be a calcified fibre depending from the ureter. The shadow was quite a large one, being about the size of the biggest ureteral calculus I have seen. [Mr. Reid showed lantern slides, illustrating some points in Dr. Orton's paper, particularly with regard to the shadows at the lower end of the ureter.]
Dr. W. IRONSIDE BRUCE, after thanking Dr. Orton for his exceedingly interesting paper, said: Dr. Orton mentioned that he had had difficulty in keeping the tube from getting lower during lengthy exposures. I would draw his attention to a possible method of doing this. I have been very much impressed by the fact that if one is working with a focus tube the equivalent spark-gap of which is less than 3 inches, the glass of the tube becomes very hot and the tube is lowered. I believe the lowering of the tube to be largely due to the heating of the glass. If it were possible to oil-cool the glass we might be able to pass a much larger amount of current for a longer time.
With regard to the length of exposure, I entirely agree with Dr. Orton that as a rule the best results are gained with the longer exposures. Another point insisted on was the necessity for a considerable distance between the focus tube and the plate. The tube should be a considerable distance from the plate, because it is obvious that the further the tube is away the sharper will be the definition. In my work at the hospital, while the distance is altered according to the condition of the patient, it is never less than 22 inches. The advantage in sharpness more than compensates for the extra time wasted. I aim at producing the outline of the kidney in every case. The information that is obtained from a negative in which the outline of the kidney is visible is very great. It is then possible to say in what relative position the stone is to be found, and this is very important, from the surgeon's point of view, for it makes it possible to remove the stone without splitting the kidney. With negatives of this description Mr. Clogg, of the Charing Cross Hospital, has been able to remove the calculus from the kidney without any splitting whatever. In a case in which stone has been found in a kidney, it is very important also to diagnose the size and condition of the other kidney. With regard to differential diagnosis in suspected tuberculous kidney, it is necessary to observe the relative size of the kidneys, and if one of them is enlarged, this fact, taken in conjunction with the presence of pus in the urine, may be held to point with certainty to the evidence of tuberculosis. I should like to ask whether the skiagrams have been taken in the same position with regard to the vertebrae in every case.
Dr. C. THURSTAN HOLLAND said: Dr. Orton's paper has interested me from so many points of view that it is impossible to enter into them all, but perhaps a little of one's personal experiences may be of service in a discussion of this kind. I use a 220-volt current, with one of Watson's intensifying coils and the motor-magnetic interrupter. I shall perhaps surprise you when I say that the tube which I have used for the last two and a half years has taken every single radiograph in my private practice-not in my hospital practice, of course-and has been used for every part, including the kidney and bladder, the shoulder, the hip, and so forth. During the last two and a half years I have examined 300 kidney cases, a large number of which have been operated upon. In every case in which we pledged ourselves that there were stones, the subsequent operation when it took place showed stones to be present. In no case, of which we have had knowledge of the outcome, has the diagnosis proved inaccurate. One continually gets these troublesome shadows in the abdomen, usually from calcareous glands. I once found in the same subject a stone in the kidney and a calcareous gland. I invariably use an equivalent spark gap of 3 inches, on a 10-inch coil worked from accumulators, and before I commence reduce the vacuum to a spark gap of under 2 inches. I particularly never give an exposure of more than one minute, and in ordinary subjects-i.e., people who are not very stout-the exposures often range from thirty to forty-five seconds.
Occasionally with an electrolytic heat I have taken negatives of the kidneys in five seconds. I always use the method of placing the patient on his back, raising up the shoulders, getting the arch of the back right on the board, and using firm pressure with a compression tube, one side of which is about 5i and the other about 4 inches in height. I put the X-ray tube over the compression tube as nearly as it will go, centring it carefully with a plumb-line. The development of my plate is carried out in the most casual manner. I use a pyro-soda developer: 6 grains of pyro to the ounce of pyro solution. I pour it on to the plates, one after another, cover them over and get them well started, leaving an interval of one minute between each. Then I get an assistant to rock the plates for fifteen or twenty minutes, after which I take them out one by one and put them into the hypo. The results are average good negatives. I have done a little with screen examination of the kidney. I do not think it is of much value. The presence of pus makes no difference whatever to the result. On one or two occasions I have had the catheter passed into the urethra, and it has been of assistance, but the method of dilating the bladder with air and then taking stereoscopic radiographs is much more satisfactory.
With the use of the compressor it is perfectly easy to take a stereoscopic radiograph. A definite outline of the bladder is thus obtained, and those little shadows to which Dr. Orton alluded are seen in their relative positions to the bladder-wall. I took a couple of stereoscopic photographs of a case in which there was a chain of five shadows in the lower part of the ureter, in the position instanced by Dr. Orton. Two of the shadows are on a different plane from the other three. This fact rendered it improbable that any of them were ureteral calculi. The whole subject is extremely interesting and difficult, and it is only at meetings of this kind that one can hear all the details and arrive at conclusions of any value.
Mr. E. W. H. SHENTON sent some notes, which were read by the Secretary. Respecting technique, Mr. Shenton said: It is advisable to clear the intestine.
Enquiry should be made as to whether the patient has been taking bismuth, as prolonged administration of this drug will cause intestinal matter to become opaque. I would deprecate compression, except in rare cases. It is important to allow the kidney to move freely, and compare the range of movement of any suspected calculus with surrounding intestinal matter. The careful observation of these relative movements will often prevent erroneous conclusions. As no two workers quite agree as to what is a high and what is a low tube, I think it unwise to use the terms high and low. The tube giving a maximum quantity of rays and a clear image of the renal regions upon the screen is the most suitable, and this can only be selected by trial and error. The more experience the operator has had, the less trouble he will encounter in the selection of a tube. No reliance should be placed upon the milliampere meter in the selection of a suitable tube. Unauestionably, diaphragms should in all cases be used, varying from 4 inches to 1 inch, the larger being used for preliminary examination and the smaller for careful search over small areas. I have examined more than 2,000 cases of suspected renal stone, and I am absolutely convinced that the screen examination is all-important. With a suitable tube, it rarely happens that the photographic plate reveals more than the screen, when the latter is correctly used. On the other hand, there are many cases easy to diagnose upon the screen which the plate fails to confirm. This is usually due to movements, and at times a compressor will be of value in such cases. Photographs are merely confirmatory of the screen examination. I give a short exposure, not exceeding thirty seconds, and from this negative I print on No. 2 Glossy Gravura-a paper which was first specially made for my work at Guy's Hospital. It is a paper of extraordinary contrast. I believe the system of a short exposure, thin negative, and vigorous printing contrast is the correct one. The less exposure you are forced to give the plate the better, as the fogging rays-I think every radiographer will understand what I mean by the term-will have less time to act. The image, though faint, will be quite perfect, but it requires a very powerful printing process to extract a good image. Though much depends on the suitability of the tube and the transparency of the patient to the X-rays, still more depends upon the operator's skill in observation. It is no more fair to say that X-rays do not show a calculus than that the ophthalmoscope does not show a certain eye condition. In both cases the skill of the individual must be taken into consideration. There can be no question of the efficiency of positive X-ray diagnoses in urinary calculus disease, and though the negative diagnosis is not infallible, it is incomparably better than any other form of negative diagnoses in these conditions. To make a satisfactory diagnosis, the eye of the operator must be in a condition to appreciate the screen image-that is to say, he must have been sufficiently long in a darkened room. Lighting the room with blue light, the complementary colour to the screen image, has been a great help. I would like to call attention to the fact that many otherwise excellent couches now on the market have no provision for tilting the X-ray tube, and the operator is much handicapped thereby. For example, when examining the lower end of the ureter and bladder, the general direction of the rays must be in line with the axis of the pelvic caned, and not vertical.
Mr. C. R. C. LYSTER said: I hold the view that a low tube with a lengthy exposure gives infinitely the best results. Personally, I am old-fashioned in still retaining the method of putting the plate at the back and the tube in front. I use a parchment disc with two uprights, and an air cushion. One point in favour of this method is, that with the patient lying on the back less compression is necessary. The most important point, however, is the good focus of the tube in order that contrast may be secured. Dr. Orton has hit the right nail on the head when he says that the tube is the weak part in renal skiagraphy. I have a few negatives that may be of interest. They were taken with the focus-tube placed in front without any diaphragm. I am inclined to think that the diaphragm.is a little over-rated.
Dr. G. ALLPRESS SIMMONS said: Like Dr. Thurstan Holland, I have been fortunate in finding a most phenomenal tube. I have used the same tube in St. Mary's Hospital for a year, and have taken away every skiagramalmost 950-by its means. I use accumulators and a Mackenzie Davidson break. The tube is a Mueller tube with heavy anode, and the ordinary mica apparatus for lowering the vacuum. It starts by being high, lowers itself after running one minute, and remains steady. I have taken a dozen skiagrams in the same afternoon without any lengthy interval.
Mr. JAMES TAYLOR asked what developer Dr. Orton used. He said: I know that Dr. Orton uses a Lumiere plate, but it is my experience that no better results are obtained on that plate than on certain others. With the Imperial Orthochromatic I get better results than with the Lumiere.
The CHAIRMAN (Dr. Lewis Jones) showed a couple of slides illustrating a point in the paper. In one case an X-ray examination of the renal region suggested the presence of renal calculi. The patient's back was examined, and a small mole was found, rather less than half an inch in diameter. A lead wire was then wound round the mole, and the subsequent skiagram plainly showed it to be identical with the shadow of the supposed calculus. It was therefore possible that a wart on the skin in close contact with the plate might produce an impression simulating the appearance of renal calculi.
The CHAIRMAN also showed a skiagram, taken by Dr. Graham,7of a peculiar injury in the hip region, with perforation of the acetabulum by the head of the femur. A lady, aged 20, sustained a severe fall upon her side, the force of the blow being concentrated upon the great trochanter. A severe bruise resulted, and the lady was in bed for three weeks. When ultimately a skiagram was taken it was found that the head of the fem-lur had been driven right through the acetabulum and protruded for some distance into the pelvis. Around the head of the acetabulum a quantity of callus had formed, and this was visible in the X-ray photograph.
Dr. G. ALLPRESS SIMMONS showed some colour photographs taken on the Lunii&re Autochrome plate.
